ABSTRACT. Equine canker is a chronic pododermatitis of the hoof in horses. Although spirochetes are detectable histopathologically in the lesions, the precise etiology remains unclear. This study reports the 16S rRNA gene sequencing of randomly selected clones based on PCR with Treponema-specific primers, using the canker lesions from two horses and healthy frog and sole from a horse. A total of 114 clones were obtained from the lesions, but no clones were detected in the healthy hoof tissues. The clones from the canker lesions examined were grouped into 19 operational taxonomic units, such as treponemal phylotypes originating from papillomatous digital dermatitis lesions of dairy cattle and as-yet uncultured human oral treponemes, indicating the presence of multiple treponemes in the lesions. Equine canker is a proliferative pododermatitis of horses manifested as chronic, hyperproliferative, suppurative, or pyogranulomatous dermatitis in the frog, bars, and sole, and (in severe cases) the adjacent hoof wall [11] . Grossly, the lesion appears as a soft, whitish, cauliflower-like proliferation associated with a foul-smelling caseous exudate. Histopathologically, the excised tissues show a markedly hyperplastic and hyperkeratotic epithelium with radiating bands of neutrophilic inflammation.
Equine canker is a proliferative pododermatitis of horses manifested as chronic, hyperproliferative, suppurative, or pyogranulomatous dermatitis in the frog, bars, and sole, and (in severe cases) the adjacent hoof wall [11] . Grossly, the lesion appears as a soft, whitish, cauliflower-like proliferation associated with a foul-smelling caseous exudate. Histopathologically, the excised tissues show a markedly hyperplastic and hyperkeratotic epithelium with radiating bands of neutrophilic inflammation.
Recently, spirochetes were detected histopathologically in canker lesions of Tennessee walking horses using the modified Steiner staining technique, and this demonstrated numerous spirochetes extending into the proliferative epithelium [9] . The authors [9] suggested that spirochetes may contribute to the pathology of equine chronic foot diseases, in a similar manner to the way in which spirochetes contribute to that of bovine papillomatous digital dermatitis (PDD) and contagious ovine digital dermatitis (CODD). Although the spirochetes detected in PDD and CODD have been identified as the genus Treponema [4, 5, 7, 12, 14, 16, 17] , the phylogenetic relationship of the spirochetes detected in canker lesions remains unclear.
To determine the spirochete phylogeny, we used 16S rRNA gene sequencing of randomly selected clones based on PCR with Treponema-specific primers to search for treponemes present in canker lesions in this study. Furthermore, we searched for the presence of treponemes in healthy hoof tissues. To our knowledge, this is the first reported molecular investigation of spirochetes from equine canker lesions.
Tissue samples were excised surgically from canker lesions of horses Nos. 1 and 2. Two healthy tissue samples were also collected at autopsy from the frog and sole of the hoof of another horse, No. 3, without any previous history of canker. The samples were kept on ice or at 4C and transported to the laboratory within 48 hr of sampling, then stored at -20C until isolation of DNA. Total DNA was extracted from the specimens using a DNeasy kit (Qiagen, Tokyo, Japan). DNA was stored at -20C until used.
Bacterial 16S rRNA genes from the samples were amplified using total treponeme (TT) primers (Forward, 5'-TTACGTGCCAGCAGCCGCGGTAAC-3'; Reverse, 5'-GTCRYMGGCAGTTCCGCCWGAGTC-3'), which were designed to target common regions in the 16S rRNA sequence (657 bp) of Treponema species [1] . The resulting amplicons were electrophoresed in 1% agarose gel and purified using PCR purification kit (Qiagen) for construction of clone libraries.
PCR amplicons were ligated into the pT7Blue vector (TAKARA BIO, Tokyo, Japan) using T4 DNA ligase (TAKARA BIO), and then transformed into Escherichia coli DH5 (TAKARA BIO) in accordance with the manufacturer's instructions. A total of 144 white colonies (96 colonies from horse No. 1 and 48 colonies from horse No. 2) were inoculated into LB broth using 96-well microplates (Asahi Techno Glass, Tokyo, Japan) and incubated at 37C overnight. To determine the nucleotide sequence of the cloned 16S rRNA gene, the fragments were amplified with the primer pair of PT7 (5'-TAATACGACTCACTAT-AGGG-3') and U19 (5'-GTTTTCCCAGTCACGACG-3'). The PCR products were cleaned up with Exo-SAP-IT (GE Healthcare, Tokyo, Japan). The fragments were sequenced directly from each 5'-and 3'-end of the amplicon. The nucleotide sequences of those clones were determined by using an ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Tokyo, Japan) and analyzed with a 3130 DNA sequencer (Applied Biosystems). Next, each nucleotide sequence was aligned, and the sequences showing >99% identity were grouped into operational taxonomic units (OTUs) using the SEQUENCHER software package (HitachiSoft, Tokyo, Japan).
The sequence data for the same positions within the 610-bp stretch were subjected to phylogenetic analysis. Database identity was determined through the National Center for Biotechnology Information by use of the BLASTN algorithm. Chimeric sequences were identified by using the Chimera check program in Ribosomal Database Project II. Chimeric sequences and sequence data showing weak or disarranged signals were excluded from further analysis, because these sequence data might not have shown the correct DNA sequences of the original bacteria. The cut-off value for a taxon was defined >99% sequence similarity among the clones. CLUSTALW [15] was used to align the 16S rRNA gene sequences of OTUs, then phylogenetic trees were constructed by the neighbor-joining method [13] and assessed by bootstrap resampling (1,000 replicates). An evolutionary tree was drawn using the TreeView software package [10] . The sequence data for the five most frequent OTUs from canker samples were submitted to GenBank under the accession numbers GQ866969 for C-01, GQ866970 for C-02, GQ866971 for C-03, GQ866972 for C-04, and GQ866973 for C-05.
Two canker-positive samples revealed the presence of an amplicon of the expected size, whereas no band was detected from the two specimens collected from the healthy horse in TT-specific PCR (Fig. 1) . The 16S rRNA gene nucleotide sequences of 144 clones from canker lesions were determined in this study. After the elimination of chimeric and failed sequences, we finally obtained a total of 114 clones (horse No. 1, 77; horse No. 2, 37). They were grouped into 19 OTUs with 99% cut-off values for sequence identity. Table 1 ranks the OTUs, including species and phylotype, from the two horses with canker lesions in prevalence order. Among these OTUs, C-01, C-02 and C-03 appeared to be the most frequent. However, C-01 and C-02 were detected only in horse No.1 and C-03 was mostly detected in horse No. 2. C-04 and C-06 were detected only in horse No. 2. The remaining 14 OTUs including C-05, and C-07 to C-19 were present only in horse No.1 in small num- Fig. 1 bers (1 to 4 clones each). C-01, which has 97% identity to uncultured Treponema sp. clone 24B351 originating from the healthy human oral cavity, was the most prevalent one (31 out of 144 clones). C-02, observed for 28 clones, is 100% identical to the 16S sequence of the T. phagedenis strain CIP 62.29. CIP 62.29 also has a sequence identical to several T. phagedenis-like strains isolated from PDD lesions of dairy cattle in the United Kingdom [7] . The other 24 clones (C-03) have 99% identity to the 16S sequences of the Treponema sp. PT9 clone detected in Danish dairy cattle with PDD [8] . Moreover, 7 clones (C-05, C-09, C-12 and C-13) showed 96-98% identity to the Treponema sp. PT9 clone. Therefore, 51.8% were similar to 16S rRNA gene sequences of the Treponema strains or clones frequently detected in PDD lesions in European cattle. The remaining OTUs showed 94-99% identity to the partial sequences of several as-yet uncultivated human oral treponeme clones, except for two clones (C-04, human T. refringens; C-16, as-yet uncultivated Candidatus Treponema suis). Although OTUs C-05 and C-09 showed the same percentage (96%) nucleotide sequence identity with Treponema sp. PT9, they were different OTUs (Table  1) . This result was attributed to differences in the alignment of their nucleotide sequences (data not shown).
We constructed a phylogenetic tree of the OTUs detected in this study, together with other related treponemes, including clones from bovine PDD lesions and human treponemes for which data had been deposited in GenBank (Fig. 2) . Spirochaeta aurantia and Brachyspira hyodysenteriae were also added as outgroups. The OTUs detected were organized into four clusters. Human oral treponemes and those from cattle with PDD, i.e., T. denticola/T. putidum, T. pedis, T. phagedenis, T. refringens/T. calligyrum, T. vincentii/T. medium and T. brennaborense were distributed to each cluster (Fig. 2) . The most prevalent clones, C-01, C-02 and C03, belonged to clusters 1, 2 and 3, respectively (Fig. 2) . C-04 which has 99% identity to human T. refringens, belonged to cluster 2. C-05, C-09, C-12 and C-13 OTUs, which showed 96-98% identity to the Treponema sp. PT9 clone, belonged to cluster 3. In cluster 4, 4 OTUs including C-16 (Candidatus Treponema suis) and another 3 oral clones were closely related to the newly proposed species T. brennaborense, which was isolated from a PDD lesion [14] .
Equine canker is a hyperproliferative, suppurative and pyogranulomatous pododermatitis [11] , and numerous spirochetes have been observed in the lesions [9] . These pathological characteristics resemble those of PDD in cattle [6, 9] . Moreover, these spiral organisms detected in the canker lesions have not been identified, although the spirochetes detected in PDD have been identified as treponemal species [4, 5, 7, 8, 12, 14, 16, 17] .
We carried out a microscopic examination of direct stamp preparations of the canker lesions, which revealed large numbers of spiral-shaped bacteria. These findings prompted the present study to isolate and identify these organisms. However, no spirochetes were isolated using a culture method for treponemes (data not shown). The growth rate of many Treponema species is poor, and the presence of other fast-growing bacteria often prevents the isolation of treponemes from PDD lesions [16, 17] . Therefore, we applied a culture-independent approach, as this has benefits for determining the organisms in canker lesions, even if uncultivable bacteria exist in the sample. For these reasons, we considered that the detection of spirochetal organisms in the lesions of affected horses, but not in the hoof tissue of healthy ones, could provide evidence for the association of these organisms with canker.
The fragment for sequencing was amplified by PCR using Treponema-specific primers that bind to the 16S rRNA gene [1] . Indeed, the amplicon was detected in the lesion, but not in healthy hoof tissue. This result suggests that the treponemes detected may be associated with the pathogenesis of canker, even though the precise etiology of this disease has not yet been determined.
Finally, a total of 114 clones were obtained from the canker lesions. Interestingly, the data for the nucleotide sequences showed that half of the clones were related to treponemal phylotypes detected in PDD of dairy cattle, while the rest were close to human oral treponemes. Moreover, some clones were closely related to the newly proposed species T. brennaborense isolated from a PDD lesion in Germany [14] . These findings demonstrate that multiple treponemes are present in canker lesions, as reported in clonal analyses of PDD and human periodontitis [2, 3, 8] . Furthermore, the most prevalent treponeme differed among the samples examined.
However, it is currently difficult to conclude whether these treponemes are involved in the pathogenesis of canker in horses as the number of canker lesion biopsies and normal hoof tissues analyzed in this study is small. Large number of samples should be used in future clonal analysis, especially comparing within canker lesions and between canker and normal hoof tissues. Further studies to detect bacteria other than treponemes in the canker lesions of affected horses, but not in the hoof tissue of healthy ones, will also be required to find out the bacterial community in canker lesions in horses.
